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FAILURE MODES EFFECTS ANALYS!S (FMEA]} — CIL HARDWARE
MUMBER:ME-155-MD1EA -X

SUBSYSTEM HAME: MECHANIZAL - SEALS :
REVISION: © D4/0E/F7

PART DATA
PART HAME PART KUMBER
VENDOR NAME VENDOR NUMBER
LRU :PLUG. LEAX TEST PORT ME 27 6-0040-0001

EXTENDED DESCRIPTION OF FART UNDER AMALYSIS: _
EXTERNAL AIRLOCK UPPER CYLINDER/UPPER BULKHEAD ASSEMBLY LEAK TEST PORT

PLUG

GUANTITY OF LIKE ITEMS:
ONE

FUMNCTION: '
THIS PLUG PRCYIDES A TEST PORT FOR THE DUAL (REDUNDANT) STRUCTURAL

SEZALS LOCATED AT THE EXTERNAL AIRLOTK UPPER CYLINDERUPPER BULKHEAD
ASSEMBLY INTERFACE. THIS PORT IS USED WITH A PNEUMATIC PORTABLE TESTKIT
{C70-0748) TO VERIFY STRUCTURAL SEAL INTEGRITY PRIOR TO LAUNCH,

REFERENCE DOCUMENTS:  VE2B-241003
VE28.34101D : -
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FAILLURE MODES EFFECTS ANALYSIS FMEA — CIL FALURE MODE
HUMEBER: MB-155-M0154-01

AEVISIONS: 0O 04/DRET7
SUBSYSTEM NAME: MECHANICAL - SEALS
LAL: PLUG. LEAK TEST PORT CRITICALITY OF TMis
ITEM NAME: O-RING SEAL FAILURE MODE: 1R3
FAILURE MODE;
EXTERNAL LEAKAGE
MISEION PHASE: 00 ON-ORBIT

VEHICLEPAYLOAD/KIT EFFECTIVITY: 103 DISCOVERY
T84 ATLANTIS

105 ENDEAYOUR

CALISE:
AGING/OXIDATION/SUBLIMATION, CONTAMINATIONFOREIGN CRIECT/DEBRIS,

DEFECTIVE PART MATERIAL OR MANUFACTURING DEFECT. INADEQUATEEXCESSIVES
UNEVEN SEAL COMPRESSION LOADS, MISHANDLING, THEAMAL DISTORTICN

CRITICALITY 1/1 DURING INTACT ABORT ONLY? NO .

REDUNDANCY SCREEN A) FAlL
B) N

€) PASS

PASSFAIL RATIONALE:

A) .
FAILS SCREZEN "A* BECAUSE INDIVIDUAL TEST PORT PLUG SEAL NOT VERIFIABLE DN

VEHICLE DURING GACUND CHESKOUT.

8)
N/A - AT LEAST TWO REMAINING PATHS ARE DETECTABLE IN FLIGHT,

C}

METHOQD OF FAULT DETECTION:
NONE FOR FAILURE OF BOTH LEAK TEST PORT PLUG SEALS. ADDITIONAL FAILURE OF

OUTER ETRUCTURAL O-RING SEAL ON EXTEANAL AIRLOGK UPPER BULKHEAD
ASSEMBLY CAN BE DETECTED THROUGH INSTRUMENTATIONPHYSICAL OBSERVATION

=LOSS Or OF REDUCED PRESSURE IN HABITABLE VOLUMES.
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FAILURE MODES EFFECTS ANALYSLS (FMEA) — CIL FALURE MODE
NUMBER: ME-155-M0154-0%

REMARKSHECOMMENDATIONS:
THAEE SZAL FAILURES ARE REQUIAED BEFORE THERE CAN BE A LEAK PATH TO THE

QUTSIDE.

= FAILURE EFFECTS »

{A) SUBSYSTEM:
NI EFFECT FIRST AND SECOND FALLURE. TWO SUCCESSIVE PLUG O-RING FAILURES

WILL'CAUSE OMLY THE LOSS OF OUTER STRUCTURAL SEAL INTEGRLTY AT THE
EXTERNAL AIRLOCK UPPER BULKHEAD INTERFACE. THE INNER ETRUCTURAL O-RING
SEAL MUST ALSO FAIL TO CAUSE A LDSS OF |SOLATION BETWEEN QDS AND OUTSIDE

ATMOSPHERE.

(8} INTERFACING SUBSYSTEM(S):
NO EFFECT UNTIL LOSS OF 8DTH PLUG O-RING SEALS AND LOSS OF INNER

STRUCTURAL SEAL AT THE EXTEANAL AIRLOCK UPFER BULKHEAD INTERFACE. THEN
EXCESSIVE LOSS OF CDS PRESSURE TO THE ‘DUTSIDE WILL RESULT IN AN INGREASED

USE OF OXYGEN/NITRCGEN SUPPLY,

{C) MISSION:
NO EFFECT FIRST FAILURE, FAILURE OF HEDUNDANT TEST PORAT PLLG SEAI. AND

OUTER STRUCTURAL SEAL ON EXTERNAL AIRLOCK UPPER BULKHEAD INTERFACE
WOULD RESULT IN POSSIBLE MISSION TERMINATION DEPENDING ON MAGNITUDE OF
LEAK. EXCESSIVE USE DF CONSUMABLES MAY LIMIT MISSION DURATION.

(D) CREW, VEHICLE, AND ELEMENT(S): :
NO EFFECT FIAST FAILURE. FAILURE OF REDUNDANT TEST PORT PLUG SEAL AND

QUTER STRUCTURAL SEAL ON EXTERNAL AIRLOCK UFFER BULKHEAD INTERFACE
COULD CAUSE LOSS OF CREW AND VEHIGLE.

(E) FURCTICNAL CRITICALITY EFFECTS:
FIRZT LEAK TEST PORT PLUG C-RING SEAL FAILUAE - NO EFFECT, LOSS QF

REDUNDANCY DNLY.

SECOND LEAK TEST PORT PLUG C-RING SEAL FAILURE - LOSS OF DUTER STRUCTURAL
SEAL INTEGRITY ON EXTERNAL AIALOCK UPPER BULKHEAD INTERFACE.

THIRD FAILURE (INWER STRUCTURAL O-RING SEAL ON EXTERNAL AIRLOCK UPPEA

BULKHEAD INTERFACE: IF FAILURE OCCURS:
(32) DVRING DOCKED 'va ACTIVITIES EXCESSIVE LOSS OF CONSUMABLEE CAN

JEDRPARDIZE CREW SAFETY,
(38 DURING EVA, POSSIBLE LOEE OF EVA CREWKMEMAERS IF ODS VOLUMES CANNDT

BE REPRESSURIZED FOR RETURN TO CREW CABIN. {EVA CREWMEMBERS MUST

REMAIN IN ATRLOCK UNTIL LANDING). - GRITICALITY 1R3 CONDITION.
(3C) DURING NON-DOGCKED GPERATIONS, LOSS OF PRESSURE WITHIN ODS. LOSS OF

SUBSECUENT EVA CAPABILITIES IF QDS CANNGT BE AEPRESSURIZED RESULTING It

MB-18S - 744



PAGE: 4 FRINT DATE; 01M19/98

FAILURE MODES EFFECTS ANALYSIS (FMEA) = CIL FAILURE MODE
NUMBER.: Ma-155-M0154.01

LOSS OF MISSION OBJECTIVES ASSOCIATED WITH PLANNED EVA'S. - CRITICALITY 2R3

COMDITION.
IF THIRD FAILURE DCCURS WHEN GRBITER/SFACE STATION ARE DOCKED, F"DS:::IELE

LOSE OF PRESSURE IN SPACE STATICHN WHEN EXTERNAL AIRLOCK UPPER HATCH 15
OFEN.

DESIGN CRIMICALITY {PRIOR TC DOWNGRADE, DESCRIBED IN (F)): 1R3

{F} RATIONALE FOR CRITICALTTY DOWNGRADE:

{44} - FOQURTH FAILURE {INABILITY TQO CLOEE 578 BULKHEAD HATCH) - FAILURE TO
ISOLATE LEAKAGE FROM CREW CABIN HESULTING IN POTENTLAL LOSS OF CAEW AND
VEHICLE.

(4C}) - FOCURTH FAILURE (FAILURE NECESSITATING AN EVA TO PREVENT A POTENTIAL
CATASTROPHIC SITUATION} « INABILITY TO PERFORM A CONTINGENCY EVA TO
CORRECT A CAIT 1 CONDITION COULD RESULT IN LOSS OF CREW AND VEHICLE.

- TIME FRAME -

TIME FROM FAILURE TO CRITICAL EFFECT: DAYS
TIME FROM FAILURE OCCURRENCE TO DETECTION: MINUTES
TIME FRCM DETECTION TO COMPLETED CORRECTING ACTION: WA

IS TIME REGLIRED TO IMPLEMENT CORRECTING ACTION LESS THAN TIME TO EFFECT?
NC

RATIONALE FOR TIME TO CORRECTING ACT!ON VS TIME TO EFFECT:

THERE |S NQ COARECTIVE ACTION IF THIRD FAILURE OCCURS DURING AN EVA AND
EXTERNAL AIRLOCK CANNCT BE REPRESSURIZED FOR EVA CREW'S RETURN TO CREW
CABIN.

HAZARD REPORT NUMBER(S): OABI 511, ORBI 405, FF-08
HAZARDY{S) DESCRIPTION:

LOSS OF HABITABLE FRESSLURE (OREI B11). E"-I’A CHEW HAZARDS DUE TC (35 005
{ORBI 405}, IMABILITY TO SAFELY PERFORM EVA (FF-03},

-DISFOSITION RATIONALE-

(A} DESIGN:

C-RING SEALS IN LEAK TEST PORT COUPLING ARE ETHYLENE PROPYLENE. O-RING
SEAL AT COUPLING INTERFACE FLANGE IS BUTYL RUBBER. PROTECTIVE PRESSURE
CAP SEAL 15 REDUNDANT TO POPPET VALVE SEAL WHEN TEST PORT COUPLING 1S
NOT IN USE. TEST PORT COUPLING SEAL LEAKAGE WILL NOT RESULT IN LEAKAGE OF
HABITABLE ATMOSPHERE QVERBOARD UNLESS EXTERNAL AIRLOCK UPPER BULKHEAD
INTERFACE INNER PERIPHERAL Q-RING STRUCTURAL SEAL ALSO FAILS.
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FAILURE MODES EFFECTS ANALYS!IS (FMEA} - CiL FAILURE MODE
NUMBER: ME-155-MC0154-01

{B) TEST:
ACCEPTANCE TESTS OF LEAK TEST POAT COUPLING INCLUDE EXAMINATION OF

PRODUCT. PROOF PRESSURE TEST AND OPERATIONAL TEST. PROCOF PRESSURE TEST
OF THE LEAK TEST PORT (MALE HALF COUPLING) WITH PRESSURE CAP INSTALLED IS
a0 PSIG TWC TIMES FOA TWO MINUTES EAGH. OPERATIONAL TEST OF THE LEAX TEST
PORT WITH PRESSURE CAP INSTALLED AND POPPET HELD OPEN IS 15 PSIG GNZ WITH
LEAKAGE NOT TG £XCEED ONE BUBBLE IN FIVE MINUTES. WITH PRESSURE CAP
REMSVED AND 15 PSIG APPLIED, LEAKAGE IS NOT TO EXCEED ONE BUBBLE IN FIVE

MINUTES.
SUALIFICATION TESTS: ND QUALIFIGATION TESTS OF COUPLING WERE PERFORMED.

IN-PRCGCESS AND ACCEPTANCE TESTS OF EXTEANAL AIRLOCK INCLURES THREE
TESTS TO TEST THE INTEGRITY OF AIRLOCK STRUCTURE THESE TESTS ARE -
ADDRESSED AS FOLLOWS: (1) STRUCTURAL PROOF PRESSURE TEST PERFORMED PER
PARL 4.01.01.01/4.01.01.02 OF MLO101-0104-001- WITH UPPER BULKHEAD ASSEMBLY
INSTALLED AIRLOCK IS PRESSURIZED TO 17.6 +0.1/40 PSIG AND HELD FOR A MINIMUM
OF § MINUTES; {2) HIGH PRESSUAE LEAK TEST PERFORMED PER PARA 4.01.01.02.01.02
CF MLD101-0104-001 - WITH UPPER BULKHEAD ASSEMBLY INSTALLED AIRLOCK IS
PRESSURIZED TC 14.9 «0/-0.2 PSIGE AND HELD FOR A MINIMUM OF £ HOURS. LEAK RATE
IS VERIFIZD NOT TO EXCEED 4.096 SCIM; {3} LOW PAESSURE LEAK TEST PERFORMED
PER PARA 4.01.01.02.01.05 OF MLO101-D104-001 - WITH UPPER BULKHEAD ASSEMBLY
INSTALLED AIRLODCTK 15 PRESSURIZED TO 2.2 +/- 0.1 PSIG AND HELD FOR A MINIMUM OF

EMINUTES. LEAK RATE IS VEAIFIED NOT TO EXCEED 2.8 SCIM.

OMRSD - TURNARQUND CHECKDUT TESTING IS ACCOMPLISHED IN ACCORDANGE WITH
OMRASD.

(G) INSPECTION:

RECEIVING INSPECTION '
AAW MATERIAL IS YERIFIED BY INSPECTION TO ASSURE SPECIFIC SHUTTLE

REQUIREMENTS ARE SATISFIED.

CONTAMINATICN CONTROL .
CLEANLINESS OF SIGNIFICANT INTERNAL AND EXTERNAL SURFACES TO LEVEL GC

[GENEAALLY GLEAN) OF MAO110-301 IS VERIFIED BY INSPECTION,

ASSEMBLYANSTALLATION
DPERATIONS VERIFIED BY ASSEMBLY AND TEST OPERATIONS ON SHOP TRAVELER.

Lot

CRITICAL PROCEESES
CRITICAL PROCESSES SUCH AS WELDING, PLATING, HEAT TREATING, PASSIVATION

AND ANODIZING ARE VERIFIED BY INSPECTION.

NONDESTRUCTIVE EVALUATION
NO NONDESTAUGTIVE EVALUATION {NDE; IS DONE/PERFORMED.

TESTING
ATF/OMRSD VERIFIED 8Y INSPECTION.
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FAILURE MODES EFFECTS ANALYSIS {FMEA} = CIL FAILUAE MODE
NUMBER: M3-155-MD154-01

HANDLING/PACKAGING
HANDLING AND PACKAGING IS VEF‘.!F]ED BY INSPECTION PER THE REQUIREMENTS COF

SFECIFIC ATIDN MACT 10301,

(D) FAILUAE HISTORY.
CURRENT DATA ON TEST FALURES, FLIGHT FAILURES, UNEXPLAINED ANOMALIES, AND

OTHER FAILURES EXPEAIENCED DURING GROUND PROCESSING ACTIVITY CAN BE
— FOUND IN PRACA DATA BASE.

{E} OPEHATIONAL USE:

NONE FOR FAILURE OF BOTH LEAK TEST PORT FLUG SEALS. ADDITIONAL FAILURE OF
EXTERNAL AIRLDCK UPPER BULKHEAD ASSEMBLY INNER C-RING STRUCTURAL SEAL -
GIVEN SUFFICIENT TIME CREW COULD CLGSE APPRGPRIATE HATCH(S) TO ISQLATE

LEAKAGE.

« AFPROVALS -

SS & PAE ‘M. W.GUENTHER  : éon v L a2~
55 & PAE MANAGER - C. A ALLISON A L —
DESIGN ENGINZER LT 5 COPK ; :

NASA SSMA : - d

NASA SUBSYSTEM MANAGER
I5C MOD :
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